INTRODUCTION
The Moraceae family comprises 40 genera and about 1.217 species of occurrence in the tropical regions of the planet (The Plant List 2013) , being that about 50% of the genera are distributed between the region of Mexico to Argentina (Berg 2001) . In Brazil, the family is represented by 19 genera and 208 species (romaniuc Neto et al. 2015) , which have an important medicinal and economic value, known to present bioactive secondary metabolites and to be exploited by the wood industry (royer et al. 2010 (royer et al. , Lima et al. 2011 ).
The genus Artocarpus comprises 61 species native to Asia and India, known for their much appreciated fruits (ragone 2011 (ragone , Stevens 2012 . In Brazil, two species were introduced: Artocarpus altilis (Parkinson) Fosberg, known as frutapão, and Artocarpus heterophyllus Lam., known as jaca (Falcão et al. 2001, Pereira and Kaplan 2013) . Worldwide, these two species are known, respectively, as breadfruit and jackfruit (Pereira and Kaplan 2013) .
Both are perennial trees that produce latex, very cultivated in domestic orchards in the tropical regions of Brazil. The fruits are consumed in natura, baked or cooked, or in the form of candies and compotes (Lorenzi et al. 2015) . Different parts of the plants are also used in traditional medicine to treat injuries, furuncles, back pain, rheumatisms and respiratory problems (rodrigues 2006 , Albuquerque et al. 2007 , Agra et al. 2008 , Aguiar and Barros 2012 .
Studies with extracts, fractions and isolated components of the leaves of the two species demonstrate cardio-protective functions (Nwokocha et al. 2017) , dendrite elongation inhibition (rao et al. 2013) , prevent atherosclerosis (Mozef et al. 2015) and have antiviral (Hafid et al. 2017) , hypoglycemic and hypolipidemic effects (Chandrika et al. 2006 , Chackrewarthy et al. 2010 .
In addition to being widely used by the population as a therapeutic resource, these plant drugs can constitute raw materials used in the manufacture of phytotherapic. In some cases, medicinal plants may be erroneously used for presenting morphological similarities. Anatomical and histochemical studies contribute to the correct identification of these species (Brasil 2010). Thus, the objective of this work was to conduct a comparative study between A. altilis and A. heterophyllus to determine the authenticity parameters for these species.
MATERIALS AND METHODS

PLANT MATerIAL
Adult leaves of specimens of Artocarpus altilis and Artocarpus heterophyllus were collected in the neighborhood of Aldeia, Camaragibe, Pernambuco, Brazil. A voucher specimen was deposited in the Herbarium Dárdano de Andrade Lima of the Instituto Agronômico de Pernambuco (IPA), under registration number 91180 for A. altilis and 91181 for A. heterophyllus.
ANATOMICAL CHArACTerIZATION -OPTICAL MICrOSCOPY
Various cross-sections were obtained by hand, using a common razor blade, in the middle region of leaf blades fixed in FAA 50% (Johansen 1940) . Paradermal sections were also performed on the adaxial and abaxial faces. All sections were subjected to decolorization with sodium hypochlorite solution (50%) (Kraus and Arduin 1997), followed by washing with distilled water. Subsequently, the cross-sections were stained with safranin and astra blue (Bukatsch 1972) and paradermal sections were stained with methylene blue (1%) (Krauter 1985) . Then, semipermanent histological slides were prepared to contain the sections of botanical material, following common plant anatomy procedures (Johansen 1940 , Sass 1951 ). The analysis of the semipermanent histological slides were conducted on images in software (LAS eZ), obtained by a digital camera (LeICA ICC50 W) coupled to an optical microscope (Leica DM750M).
ANATOMICAL CHArACTerIZATION -POLArIZeD LIgHT MICrOSCOPY
Semipermanent histological slides were prepared with cross-sections of leaf blades obtained by the same method used for the analysis in optical microscopy. For the analysis of the slides was used a polarized microscope (Leica DM750M) coupled with a digital camera (LeICA ICC50 W). The images were processed in software (LAS eZ).
HISTOCHeMICAL CHArACTerIZATION
Histochemical tests were made on cross-sections of fresh leaf blades obtained by hand, using a common razor blade (Johansen 1940 1i, j). All types of trichomes described are found on both sides of the leaf blade, except for the simple non-glandular trichome, which is present only on the adaxial side. The leaf blade of A. heterophyllus, in frontal view in optical microscopy, has cells of sinuous walls on both sides (Figure 2a, b) . As it was visualized in A. altilis, the leaf blade of A. heterophyllus is hypoestomatic, with anomocytic and actinocytic stomata on the abaxial face (Figure 2b ), and also presents druses on both faces, observed under optical and polarized microscopy ( Figure 2a-d) . In A. heterophyllus there is only one type of nonglandular trichome, the unicellular conical, and it is restricted to the abaxial face ( Figure 2e ). The glandular trichomes are multicellular, found on both sides of the leaf blade and have 6 or more cells (Figure 2f , g).
In cross-section, analyzed by scanning electron microscopy, the midrib of A. altilis shows a biconvex shape (Figure 3a ) and A. heterophyllus shows midrib ranging from plane-convex to slightly biconvex ( Figure 3b ). Under optical microscopy, the epidermis on both species is uniseriate, covered with thin cuticle (Figure 3c The two species studied have a collateral vascular bundle in the midrib, associated with sclerenchyma ( Figure 3c, d) . Artocarpus heterophyllus presents a more developed medullar region of parenchyma than A. altilis (Figure 3c, d) and has idioblasts in the parenchyma ( Figure  3d ). Druses are observed in optical and polarized microscopy in the parenchyma and phloem of the two species (Figure 3c, d, g, h) .
The mesophyll of both species, in crosssection visualized in optical microscopy, is dorsiventral, consisting of one to two layers of (Mace et al. 1974 (Johansen 1940) and hydrochloric acid (10%) to establish the nature of the crystals (Jensen 1962) . Controls were performed in parallel with the tests. Semipermanent histological slides were prepared to contain the cross-sections and were analyzed with an optical microscope (Leica DM750M) (Johansen 1940 , Sass 1951 .
ANALYSIS OF THe eLeMeNTAL COMPOSITION OF CrYSTALS
Samples of fresh leaf blades were fixed in 2.5% glutaraldehyde (buffered with 4% formaldehyde). After dehydration in ethanol series, the material was submitted to critical point drying (Hitachi HCP-2) and mounted onto stubs, using double-sided adhesive tape and sputter-coated with gold (Q150T) (Haddad et al. 1998) . Finally, the samples were examined with a Scanning electron Microscope (SeM) (Zeiss eVO LS15). The chemical microanalyses by energy Dispersive Spectroscopy (eDS) were done with an X-ray detector attached to the scanning electron microscope.
RESULTS
The leaf blade of A. altilis, in frontal view in optical microscopy, has cells with straight or slightly sinuous walls on both sides (Figure 1a, b) . The leaf blade is hypoestomatic, with anomocytic and actinocytic stomata on the abaxial face ( Figure  1b) . The presence of druses is observed under optical and polarized microscopy on both faces of the leaf blade (Figure 1a-d) . There are nonglandular trichomes and glandular trichomes. The non-glandular trichomes can be of three types: simple (Figure 1e palisade parenchyma in A. altilis ( Figure 3i ) and of about three layers of palisade parenchyma in A. heterophyllus (Figure 3j ). The spongy parenchyma consists of several layers of cells loosely arranged (Figure 3i, j) . Small vascular bundles are distributed throughout the mesophyll and are protected by an irregular bundle sheath of parenchyma cells. This bundle sheath has extensions that always connect the two epidermal faces in A. altilis, which does not occur in A. heterophyllus (Figure 3i, j) . Druses are observed in optical and polarized microscopy in the palisade parenchyma and in the bundle sheath (Figure 3k , l). Table I shows the main anatomical characters of the two species. Triterpenes and steroids were located in the epidermis of A. altilis (Figure 4l ) and in the epidermis, idioblasts and spongy parenchyma of A. heterophyllus (Figure 4m, n) . Lipophilic substances were revealed in the cuticle, epidermis and collenchyma of A. altilis (Figure 4o ) and in cuticle, idioblasts, spongy parenchyma and bundle sheath in the mesophyll of A. heterophyllus ( Figure  4p, q) . In the two species were found lignin in the xylem and sclerenchyma (Figure 4r, s) and starch in the parenchyma (Figure 4t, u) . Figure 4v and x shows the presence of druses in idioblasts and Figure 4w and y shows the dissolution of the druses with the test of hydrochloric acid (10%), indicating that they are of calcium oxalate. Tests with Dragendorff's reagent were negative. Table II shows a summary of the histochemical characterization of the two species.
The chemical microanalyses performed by SeM-eDS in the druses present in the leaf blades of A. altilis (Figure 5a-c) and A. heterophyllus (Figure 5d -f) revealed peaks of absorbance for calcium, carbon and oxygen, confirming that they are formed of calcium oxalate. 
DISCUSSION
According to Metcalfe and Chalk (1950) , in the family Moraceae can be found anomocytic and anisocytic stomata. gangadhara and Inamdar (1977) found anomocytic stomata in both species and actinocytic stomata only in A. altilis. There are controversies in the literature regarding the types of trichomes found in the two species studied. Martínez (2008) stated that the leaf blade of A. heterophyllus is glabrous on the adaxial side. However, in the present study it was found glandular trichome in this face of the leaf blade of A. heterophyllus, as was also found by gangadhara and Inamdar (1977) and Schnetzler et al. (2017) . The types of non-glandular trichomes simple, hooked and conical were also described by gangadhara and Inamdar (1977) for species of Artocarpus. Studying trichomes of 25 taxa of Urticales, these authors emphasized that the presence of glandular trichomes located in depressions is a diagnostic feature for Artocarpus.
The family Moraceae is known to have cystoliths. Metcalfe and Chalk (1950) Periyanayagam and Karthikeyan (2013) and Akinloye et al. (2015) observed druses in the same tissues found in the present study. Wu and KuoHuang (1997) described the presence of prismatic crystals in the bundle sheath of A. altilis, which was not observed in this study. These previous studies did not perform histochemical tests and chemical microanalyses to determine the chemical composition of the crystals.
The epidermis of Moraceae species usually consists of a single layer of cells, but may have two to three layers, as in Ficus species (Sonibare et al. 2006 ). According to Metcalfe and Chalk (1950) , there are idioblasts of tannins in the leaf of Artocarpus. However, the present study has demonstrated the presence of other metabolites in idioblasts through histochemistry, such as phenolic compounds triterpenes, steroids and lipophilic substances. Histochemistry was also important to reveal that the two species of Artocarpus present the same types of metabolites, however, located in different tissues. Identification of the chemical composition of the crystals by histochemical test and by SeM-eDS is an important diagnostic feature for genus and species of Moraceae.
Thus, the new information of the chemical microanalyses and the histochemistry, allied to the anatomical description, show the characters of general occurrence in the family Moraceae and of those that allow the differentiation of A. altilis and A. heterophyllus.
